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RESEARCH MEMORANDUM

SOME FACTORS AFFECTING THE
STABILITY AND PERFORMANCE CHARACTERISTICS QF
CANARD AIRCRAFT CONFIGURATIONS

By M. Leroy Spearman and Cornelius Driver
SUMMARY

A survey has been made of some of the factors to be considered in
the design of canard aircraft configurations. The factors include Mach
number and angle-of-attack effects as well as the effects of various
geometric changes. Among the geometric variables included are the
effects of wing plan form, wing height, wing twist, canard plan form,
canard area, canard moment arm, forebody length, afterbody length, fore-
body deflection, vertical-tail plan form, vertical-tail size, vertical-
tail location, and various ventral-fin arrangements. The results indi-
cate that generally acceptable longitudinal and directional stability
characteristics can be obtained with canard configurations throughout
a wide speed range from subsonic to supersonic speeds.

INTRODUCTION

Recent investigations have indicated that significant performance
gains can be realized for airplanes at supersonic speeds by the use of
canard controls rather than conventional taill-rearward controls. These
gains include higher values of maximum 1ift-drag ratio and increased
controllability. Because of these performance gains, an extensive
research program was undertaken by the National Advisory Committee for
Aeronautics for the purpose of determining the static stebility and con-
trol characteristics of a number of canard airplane configurations.
Various phases of the research program are reported in references 1 to
9, and some of the most recent canard airplane investigations are sum-
marized herewith. The discussion is based primarily on results obtained
in the Langley 4- by 4-foot supersonic pressure tumnnel for Mach numbers
of 1.41 and 2.0l although, for one configuration, some results are given
for high subsonic speeds and for a supersonic Mach number range from
1.41 to L4.65.
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SYMBOLS

The longitudinal stablility characteristics are referred to the
wind-axis system, whereas the lateral stability characteristics are
referred to the body-axis system. The symbols are defined as follows:

CL, lift coefficient, Lift
a5y
Cp drag coefficient, Drag
Q5w
Cm pitching-moment coefficient, Pitching moment
9By ly
Ch yawing-moment coefficient, Yewing moment
qSyb
Cy rolling-moment coefficient, Rolling moment
aSyP
Cy side-force coefficient, Side force
Sy
Sy wing area including body intercept
Se canard-surface exposed area
b wing span
c local chord
t thickness
Ew wing mean geometric chord
l. length between canard hinge line and center of gravity
q free-stream dynamic pressure
M Mach number
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Scle

SuCy

angle of attack, deg (positive, nose up)
angle of sideslip, deg (positive, nose left)

canard deflection with respect to body center line, deg
(positive, trailing edge down)

trailing-edge flap deflection, deg (positive, trailing edge
down)

forebody deflection, deg (positive, nose up)

oC
directional stability parameter, —2 per deg

d
effective-dihedral parameter, Sgl per deg
B

d

side-force parameter, S—_ per deg

static longitudinal stability parameter

C
canard pitching effectiveness, —2 per deg

0%

c

L, trin

canard trim-1ift effectiveness, S
Be

lift-drag ratio
CL
lift-curve slope, Saf per deg

canard volume coefficient

aspect ratio

taper ratio
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4 CONFIDENTIAL NACA RM L58D16

Model Components and Subscripts:

B fuselage (body)

W wing

v vertical tail

Cc canard surfacé

U ventral fin

max maximum

min minimum

o conditions at zero 1lift

MODELS

Most of the results were obtained from tests of a variable-geometry
general research model. Details of the various interchangeable compo-
nents for the research model are shown in figures 1(a) to 1(d). The
components, which included 5 bodies, 4 wings, 5 canard surfaces, 5 ver-
tical tails, and 3 ventral fins are identified by a number subscript.
Coordinates for the various body arrangements for the research model are
presented in table I. Each wing (fig. 1(a)) was located with the trailing
edge of the theoretical center-line wing root section coincident with the
body base with the exceptions of W3’ which had its trailing edge located

1.3 inches forward of the base, and the configuration, with body B,, for

which a 5-inch body extension was added rearward of the wing-—trailing-
edge juncture. Each of the vertical tails (fig. 1(b)) and ventral fins
(fig. 1(d)) were located so that the trailing edge of the exposed root
sections were coincident with the body base (or the wing trailing edge
in the case of wing-mounted surfaces) with the exception of the configu-
ration with body Bs for which a five-inch extension was added rearward

of the tail and ventral trailing-edge juncture. Each of the canard sur-
faces (fig. 1(c)) were located with the hinge-line 9.125 inches rearward
of the body nose. Spanwise locations for twin vertical-tail arrangements
are noted in figure 1(a).

Some results were also obtained for a swept-wing model with various
canard surfaces. Details of the swept-wing model are shown in figure l(e),
and coordinates for the body are presented in table TI. A photograph of
one of the research model configurstions is shown in figure 1(f).
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DISCUSSION

Longitudindl Stébility and Trim Characteristics

Effects of Mach number.- The variations of some longitudinal aero-
dynamic parameters with Mach number for several canard airplane arrange-
ments are shown in figure 2. These arrangements provide a limited com-
parison of wing plan-form effects and of afterbody effects. With the
exception of some unpublished results for the extended afterbody at
supersonic speeds, the results shown in figure 2 are contalned in refer-
ence 1 for the supersonic range and in reference 2 for the subsonic
range.

-oCpy
In comparison with the increase in longitudinal stability ——1

CL,
usually experienced by conventional tail-rearward airplanes in passing
through the transonic range, only a moderate increase in stability is
indicated for the canard arrangements. This reduction in stability
change through the transonic range is partially accomplished through
the elimination of the afterbody and the conventional rearward horizon-
tal tail so that the lift carry-over effects of the wing on the after-
body and the downwash changes at the tail are avoided. Thus the bene-
fits of a relatively low stability level could be realized at supersonic
speeds while still maintaining positive static stability at subsonic
speeds. With the center of gravity at a constant body station, the
stability level for the trapezoidal-wing configuration is higher than
for the delta-wing configuration, primarily because the trapezoidal wing
has the higher lift-curve slope. In addition, the increase in stability
through the transonic range is somewhat greater (about -0.05) for the
trapezoidal-wing configuration than for the delta-wing configuration.

While the addition of the extended afterbody had little effect on
the subsonic stability level, its presence resulted in an additional
increase in stability level at supersonic speeds because of the concen-
tration of the wing-1lift carry-over effects on the afterbody. The addi-
tion of the extended afterbody had no measurable effect on any of the
other longitudinal aerodynamic parameters.

Although the two wings have the same area, the trapezoidal wing, by
virtue of its higher aspect ratio, provides a higher lift-curve slope
throughout the Mach number range, whereas the delta wing, by virtue of
its higher leading-edge sweep and slightly lower thickness ratio, pro-
vides a lower drag rise and a lower minimum drag at supersonic speeds.
As a result of the compensating effects of lift-curve slope and minimum
drag, the two wing arrangements provide essentially the same maximum
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untrimmed L/D at supersonic speeds. However, for a constant center-

of -gravity position the trapezoidal-wing configuration has s higher
static margin than the delta-wing conflguration and would thus suffer
larger losses in L/D because of trimming. For equal static margins,
the trimmed L/D for the two configurations would be comparable; how-
ever, for equal static margins, the center-of-gravity position would be
farther rearward for the trapezoidal-wing configuration than for the
delta-wing configuration, and other factors such as the effect of center-
of -gravity position on directional stability must be taken into
considergtion.

The longitudinal stability characteristics throughout a large Mach
number range for the canard configuration with the trapezoidal wing and
no afterbody are shown in figure 3. The results shown were extended to
the higher supersonic Mach numbers from unpublished results of tests made
in the Langley Unitary Plan wind tunnel. These results indicate a rela-
tively constant value of untrimmed maximum L/D throughout the super-
sonic speed range. The static stability parameter BCm/BCL indicates

a progressive decrease in stability throughout the supersonic range,
with the canard surface either on or off. As the stability decreases
with increasing Mach number, the losses in maximum L/D caused by
trimming also decrease. For the particular configuration illustrated
(fig. 3), the stability level could be reduced to zero at the highest
Mach number obtained (M = 4.65) and a static margin of about 8 percent
mean aerodynamic chord at subsonic speeds could still be maintained.

Some remarks concerning the take-off and landing characteristics
for the configuration shown in figure % might be of interest. Low-speed
results (ref. 2) indicate that, for a static margin of about 8 percent
¢, a trim 1ift coefficient of about 0.6 could be obtained at an angle
of attack of about 10°. Other results presented in reference 2 indicate
that the control effectiveness and maximm value of trimmed 1lift could
be significantly increased by the addition of a conical-shaped body flep
located slightly behind the canard on the bottom of the body.

Effects of canard surface size.- The effects of varying canard-
surface size are of interest from a number of viewpoints. For a fixed
center-of -gravity position, for example, the canard surface may be sized
to provide a desired stability level. In addition, increases in canard
size may be useful in providing higher 1ifts and higher maneuvering
capability. On the other hand, the canard surface should not become so
large that it precipitates a pitch-up condition, adversely affects inlet
flow, or develops a wake of such intensity as to cause losses in total
1ift or in directional stability.

Some effects of canard-surface size on the longitudinal serodynasmic
characteristics of a swept-wing configuration (fig. 1(e)) at M = 1.4l
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and of a delta-wing configuration at M = 2.01 are shown in figures 4
and 5, respectively. 1In general, the addition of the canard surface
and the progressive increase in canard-surface area causes a progressive
decrease in longitudinal stability but a decrease in maximm L/D is
caused by the increase in minimum drag.

The effects of canard-surface size on the trimmed longitudinal
characteristics of the delta-wing configuration at M = 2.01 are shown
in figure 6 for a constant center-of-gravity position and in figure 7
for a constant static mergin. For a constant center-of-gravity position
the effect of increasing the canard-surface area is to cause a substan-
tial increase in the variation of trim 1ift with control deflection
CL6 rim and a general increase in trimmed L/D. The increase in L/D

J

is caused almost entirely by the reduction in stability that accompanies
the increase in canard size. The increase in the variation of trim Cg
with B, is caused by both the reduction in stability and the increase
in control pitch effectiveness Cm5 that accompanies the increase in

canard size.

For a constant static margin (fig. 7), a comparison of the configu-
rations with the smallest and the largest canard surfaces tested indi-
cates only a slightly higher L/D for the large canard arrangement.
Although there is considerably less difference in CL8 trim between the

2

two arrangements than there was for the case where the center of gravity

was constant, the configuration with the larger canard surface still

maintains a higher wvalue of CL8 et because of its higher pitch effec-
ytrim

tiveness Cmﬁ‘

The variations of experimental and estimated values of Cm6 and

dCp/dCy, With canard-surface volume coefficient for the 60° delta-wing

configuration at M = 2.01 are presented in figure 8. The estimated
values do not include the effects of the canard-surface flow field on
the wing. 1In general, the experimentally determined variations of Cm6

and Cp/dC;, with canard-surface volume coefficient are in good agree-
ment with the estimated variationms.

As pointed out in reference 3, the longitudinal stability level may
be more effectively changed by moving the center-of-gravity position
than by varying the canard area. However, in order to provide a lower
stability level for a given canard-surface size, it would be necessary
to shift the center of gravity rearward, and the effect of such a shift
on the directional stability may become a limiting factor.
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Effect of wing twist.- The use of twist as a means of improving the
drag due to 1lift of wings is well known. An additional feature of wing
twist, of interest in the trimming problem, is the effect of twist on
Cm,o- These effects are illustrated in figure 9 for a swept-wing con-

figuration at M = 1.4l wherein the use of twist (4° linear washout

from root to tip) produced a small reduction in drag due to lift, a

small increase in maximum L/D, and a substantial positive increment in
pitching moment throughout the 1lift range. It is this positive increment
in pitching moment that is of primary interest for reducing trim L/D
losses since a positive trim 1ift is obtained at zero control deflection,
and the control deflections required for trimming at a given 1ift are
thereby reduced.

These effects of wing twist on the control deflections required for
trim and on the trim L/D are shown in figure 10. Because of the smaller
control deflections required, the reductions in L/D caused by trimming
are less and the maximum L/D is considerably higher with the twisted
wing than with the plain wing.

Effect of forebody deflection.- The use of a cambered fuselage or
a deflectable forebody offers another means of providing positive incre-
ments of pitching moments with little increase in drag and hence should
be useful in reducing the pitch-control trimming requirements and the
attendant losses in L/D due to trimming (see ref. 10).

Some effects of a deflected forebody on the trim longitudinal char-
acteristics of a high-wing canard airplane arrangement at M = 2.01 are
shown in figure 11. For this configuration, deflection of the forebody
caused no change in static margin but did produce positive increments of
pitching moment throughout the 1ift range. Therefore, deflection of the
forebody resulted in substantial increases in trim 1ift for a given con-
trol deflection and increased the values of L/D at the higher lifts.
In addition, a small increase in maximum L/D was indicated when the
forebody was deflected.

Effects of wing height.- The effects of wing vertical location on
the trim longitudinal characteristics of a trapezoidal-wing canard con-
figuration at M = 2.01 (fig. 12) are quite small. The slightly higher
‘values of L/D obtained with the low wing at high 1ifts is some indica-
tion of less influence of the canard-surface wake for the low wing than
for the high wing. The results shown in figure 12 are for a configura-
tion in which the wing is mounted on a cylindrical section of the fuse-
lage. It is possible that the effects of wing height on the longitudinal
stability characteristics may be more significant for configurations in
which the fuselage is tapered in the wvicinity of the wing.
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Effects of body length.- The effects on trim longitudinal charac-
teristics of varying the body length forward of the wing position are
shown in figure 13 for a trapezoidal-midwing configuration at M = 2.01.
The canard surface remained in the same position with respect to the
nose and hence, with respect to the wing, moved forward as the body
length increased. Varying the body length had little effect on L/D.
The most significant effect of body length is apparent in the control-
lability wherein the variation of trim 1ift with control deflection '
increases as the body length increases. This effect, of course, is a
result of the increased pitching effectiveness of the canard control
that occurs as the canard-surface moment arm increases. §Since the
results are compared on the basis of equal stability levels for the
three body lengths, it is required that the center-of-gravity position
move forward, with respect to the wing, as the body length increases.
However, the forward shift in center-of-gravity position is small when
compared with the forward movement of the canard surface and an increase
in canard moment arm occurs as the body length increases.

Effect of wing plan form.~ Some effects of wing plan form on trim
longitudinal characteristics at M = 2.01 are shown in figure 14 for
high wing configurations having wings of equal area with either a trape-
zoidal or a 70° delta plan form. It is apparent that the T0° delta-wing
configuration results in a lower trim CL@ and CLBC’ a higher drag due

to 1ift, and lower values of L/D through most of the 1ift range. The
change in wing plan form affected the trim longitudinal characteristics
for two primary reasons: (1) the differences in lift-curve slope and

in induced drag resulting from the change in aspect ratio, and (2) the
differences in canard-surface pitching effectiveness resulting from
changes in interference effects from the wing. The effects of wing
aspect ratio are obviocus. The wing interference effects stem from a
change in 1ift over the inboard portion of the wing that is caused by
the flow field from the canard surface. Deflection of the canard sur-
face for trimming (positive deflection or leading edge up) results in
some loss in 1ift over the inboard portion of the wing. For the trape-
zoidal wing, this loss in 1lift occurs rearward of the center of gravity
and results in a pitching-moment increment that i1s in the same direction
as that produced by the canard surface. For the T0° delta wing, a con-
siderable portion of the wing-root section is forward of the center of
gravity, and the loss in 1ift induced by canard deflection results in a
pitching-moment increment opposed to that caused by the canard. A simi-
lar effect is noted in reference 1. As a result of the wing interference
effects, the pitching effectiveness for the delta-wing configuration is
less than for the trapezoidal-wing configuration. In addition, for equal
levels of static stability, the center of gravity is farther forward for
the delta-wing configuration and this further reduces the canard-control
pitch effectiveness. Therefore, a larger control deflection is required
to trim at a given 1lift for the delta-wing configuration than for the

CONFIDENTTATL



10 CONFIDENTTAL NACA RM L58D16

trapezoidal-wing configuration, and the resuit is an additional increase
in trim drag.

For the same static margin the delta-wing configuration, in compari-
son with the trapezoidal-wing configuration, would permit greater center-
of -gravity travel because of its greater ¢c. However, the general effects
of wing plan form are essentially unchanged for the two configurations,
even when compared at O static margin, since unpublished results indicate
values of maximum L/D of 6.1 for the trapezoidal wing and 5.3 for the
delta wing.

Effect of canard-surface plan form.- Some effects of canard-surface
plan form on trim longitudinal characteristics at M = 2.01 are shown
in figure 15 for T0° delta-midwing configurations having canard surfaces
of equal exposed areas with either a trapezoidal or T0° delta plan form.
The primary effect of canard-surface plan form is noticed in the con-
trollability wherein the variation of CL,trim with B, 1s much less

with the 70° delta canard surface than with the trapezoidal canard sur-
face. This effect might be expected because of the lower aspect ratio
and lift-curve slope for the T0° delta plan form.

Longitudinal Control

Comparison of canard control and trailing-edge flap control.- A
comparison of the longitudinal trim characteristics of a 60° delta-wing
configuration with canard controls and with wing trailing-edge flap con-
trols is presented in figure 16 for a constant static margin of sbout
22 percent €. These results indicate that the canard control, in com-
parison with the flap control, provides a higher trim lift-curve slope,
a higher maximum trim 1ift, a lower drag due to 1lift, and a higher maxi-
mum L/D. The advantages of the canard control, when trimming is con-
sidered, stem not only from the longer moment arm but slso from the fact
that the canard control makes use of a positive 1ift increment for
trimming. On the other hand, deflection of the trailing-edge flap for
trimming produces a decrement in 1ift that must be made up through an
increase in angle of attack, and thus the drag is increased and the
L/D reduced.

Flap-control results are shown for the configuration with the
canard surface off as well as with the canard surface installed at zero
deflection (fig. 16). While the presence of the canard surface has only
a small effect on the trim longitudinal characteristics, the use of the
canard surface as a destabilizer permits a farther forward center-of-
gravity position for a constant static margin and thus provides a longer
moment arm not only to the pitch control but to the directional stability
and control surfaces as well,
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The configuration with the canard surface removed has a lower minl-
mum drag that does result in slightly higher values of L/D at very low
lifts and small flap deflections. This advantage, however, is quickly
lost as the flap deflection increases.

The advantages of the canard control over the flap control in
improving longitudinal trim characteristics would be less for lower
stability levels. A comparison of the canard-control configuration with
the flap-control tailless configuration (canard off) for a static margin
of 10 percent ¢ 1is shown in figure 17. The configuration with the
canard control still provides a higher maximum 1ift and meximum L/D
although the differences are less than those shown in figure 16 for a
higher static margin.

Canard control and trailing-edge flap combination.- The use of
plain trailing-edge flaps in conjunction with a canard control has been
Investigated for a 60° delta-wing configuration at M = 2.01L (figs. 18
and 19). For the trim longitudinal results shown in figure 18 the
canard surface was considered as a trimmer fixed at various deflections
while the flap was used as the pitch control. For the results shown in
figure 19 the flap was considered as a trimmer and the canard surface
was used as the pitch control. The primary benefit of the trailing-
edge flaps, when deflected to provide trimming moments is to extend the
trim 1ift range to higher values and thus provide a means for increasing
the maneuverability. As previously pointed out, negative deflections of
the flap cause a decrease in wing 1ift that must be made up through an
increase in angle of attack, and thus the maximum value of L/D is
reduced as the flap is deflected. While positive deflections of the
flap would produce positive increments of 1ift and possibly increase
the maximum L/D, the resulting increase in negative pitching moment
that would have to be overcome with the canard control would place a
restriction on the trim 1ift range and thus limit the maneuversbility.
The highest maximum trim value of L/D was obtained by use of the
canard control alone when the trailing-edge flap deflection was zero,
Only for a small 1lift range above the 1ift coefficient for maximum L/D
did the use of the flap in conjunction with the canard control provide
a higher L/D than that obtained with the canard control alone.

Comparison of canard control and deflected forebody control.- The
control characteristics obtained with a deflected forebody are shown in
figure 20 and those obtained with a deflected canard surface are shown
in figure 21 for a configuration having a high-mounted trapezoidal wing
at M = 2.01l. The static margin near zero lift was about 11 percent ¢
for each arrangement. The configuration with the deflected forebody
control (fig. 20), because of its lower drag, provided a slightly higher
value of maximum L/D than that obtained for the configuration with the
canard control (fig. 21). 1In order to maintain equal static margins,
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however, the center-of-gravity position for the deflected forebody con-
figuration is located considerably farther rearward than that for the
canard configuration. This far rearward center-of-gravity position not
only contributes to the pitch-up indicated for the deflected forebody
configuration but also places severe restrictions on the directional
stability characteristics of the configuration.

Lateral and Directional Stability

Effect of vertical«tail size and location.- Some effects of vertical-
tail size and location on the sideslip derivatives for a 60° delta-wing
canard configuration at M = 2.01 are shown in figure 22, For the body-
mounted tails (Vl and Vg) there is a progressive decrease in -GYB

and CnB with increasing angle of attack similar to that experienced

by conventional airplane configurations (see ref. 10). These variations
are prcobably caused by the effects of forebody, canard, and wing induced
flow fields that produce sidewash changes as well as q changes at the
tail. Increasing the size of the body-mounted tail (V, to Vi) only

increases the magnitude of —CYB and CnB and does not alter the varia-
tions with angle of attack.

When the area of the large single tail (V)) is replaced by a twin
wing-mounted tail (V3 or Vh) a considersble change occurs in the side-

slip characteristics. Although the twin-tall arrangements V5 and Vu
have the same tall volume as the single-tall arrangement V,, there are

substantial differences in the contributions of the tails to directional
stability. The single body-mounted tail provides the largest contribu-
tion near a = 0° as a result, probably, of its height which places a
large percentage of the tail area away from the disturbed flow fields

of the body, wing, and canard surface. While both of the twin-tail
arrangements provide less directional stability near o = 0° than the
single tail of equivalent area, the effects of increasing angle of attack
are much less severe for the twin tails than for the single tail. Of

the two twin-tail arrangements, V) which is located at 50 percent of

the wing semispan, provides higher values of CnB throughout the angle-

of ~attack range than V3 which is located 25 percent of the wing semi-
span. The lower values of CnB for tail V3 may result from the fact

that this tail is located near the center of the wake from the canard
surface, whereas tail V) 1is located outboard of the cenard-surface

wake and with increasing angle of attack probably benefits from a favor-
able sidewash.
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Effect of canard surface.- The effects of the canard surface on the
sideslip characteristics at M = 2.0l are presented in figure 23 for
two of the configurations shown in figure 22. These configurations are
with the small body-mounted tail Vo and the outboard twin tails V).

When the canard surface is added to the configuration having the single
tail (fig. 23(a)), there is a general slight reduction in CnB with

increasing angle of attack as an indication of the effects of the canard
wake. However, when the canard surface is added to the configuration
having the twin tails (fig. 23(b)), there is a general increase in CnB

with increasing angle of attack as an indication of the favorsble side-
wash existing outboard of the canard wake.

The presence of the canard surface causes a general increase in the
effective dihedral (more negative CZB) for both tail arrangements. This

is probably caused by a decrease in 1ift from the downwind wing panel
resulting from the canard-surface wake.

As pointed out in reference 4, deflection of the canard control
accentuates the wake effects from the canard surface in that Cnﬁ is

generally further reduced for the single-tail arrangement and generally
increased for the twin-tail arrangement. In addition, deflection of
the canard control causes a further increase in --CZB for both tail

arrangements.,

The effects of canard surfaces on sideslip derivatives cannot be
completely generalized, however, and there is evidence that these effects
vary considerably with Mach number and with various geometric variables
such as wing plan form, wing position, body length, vertical-tail plan
form, and so forth. Some effects of a canard surface on the sideslip
derivatives at M = 0.60, 2.29, and 4,65 for a trapezoidal-wing con-
figuration are shown in figure 24. Deflection of the canard for this
configuration has a favorable effect on CnB at M = 0.60, particularly

at higher angles of attack. The effect of the canard on CnB is less

pronounced at M = 2.29 and varies from a slight favorable effect at
low angles of attack to an adverse effect at high angles of attack. At
M = 4.65 the effect of the canard on CnB is again favorable through-

out most of the angle-of-attack range.

The effects of the canard surface on CZB for this configuration

also show large variations with angle of attack and Mach number. These
effects are primerily caused by an interference of the canard wake with
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the wing and at M = 4.65, where the canard wake is confined by the Mach
lines to a small cone, the effects on the wing are small.

The effects of canard-surface size (Sc = 0°) on the sideslip char-

acteristics at M = 2.01 are presented in figure 25 for the configura-
tions shown in figure 8. For the configurations investigated, the
effects of canard size on the sideslip characteristics were relatively
small. '

Effect of ventral fins.~ The use of ventral fins on canard config-
urations might be expected to improve the directional stability in much
the same manner as on conventional configurations. 1In addition, the
arrangement of canard configurations is such that auxiliary fins mounted
on the wing might also be incorporated as directional stabilizing
devices. Such an arrangement employing either a lower-surface or an
upper-surface wing-mounted fin is shown in figure 26 for a delta-wing
configuration at M = 2.01. Both arrangments are effective in increasing
CnB’ but the lower-surface installation provides larger increases than

the upper-surface installation at higher angles of attack. Neither
arrangement causes any significant change in CZB.

An arrangement utilizing twin body-mounted ventral fins 1s shown
in figure 27. The addition of these fins provides a substantial incre-
ment in CnB that increases slightly with increasing angle of attack.

The addition of these fins also causes an increase in -CZB, regardless

of the increased lateral area below the center of gravity., This effect
is probably a result of an interference between the ventral fins and
the wing panels.

Effect of forebody deflection.- Although the use of a deflected
forebody offers some advantages in longitudinal control the effects of
forebody deflection on the sideslip derivatives should also be consid-
ered. These effects are illustrated in figure 28 for the same configu-
ration shown in figure 11. The most significant effect of forebody
deflection is a more rapid deterioration of CnB with increasing angile

of attack as the forebody 1s deflected upward. Similar effects were
also found to occur for a low-wing configuration. Additional tests
made with the vertical tail removed indicated that this effect was a
result of a decrease in the tail contribution to CnB and, therefore,

may not exist for a twin-tail arrangement and may, in fact, increase
the effectiveness of twin tails.

Effect of strakes.- The use of forebody strakes has been shown to
be an effective means of increasing the level of directional stebility
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at high angles of attack for a Mach number of 2.0l (see ref. 10). The

use of a strake in conjunction with a canard surface has been investi-

gated for a 60° delta-wing configuration at M = 2.0l1, and the effects

on the sideslip derivatives are shown in figure 29. Although the addi-
tion of the strake provides some increase in CnB with increasing

angle of attack, the effect is not so striking as that obtained with a
strake on plain nose configurations. (See ref. 10 , for exsmple.)
Apparently the interruption of the strake caused by the canard surface
disrupts the effectiveness of the strake. This result suggests that a
continuous strake along the forebody with the canard surface located
outboard of the strake may be a more effective arrangement.

Effect of wing plan form.- The sideslip derivatives at M = 2.01
for two high-wing single~tail configurations with either a trapezoidal
wing or a 700 delta wing are compared in figure 30. This comparison
indicates a generally higher level of Cnﬁ for the 70° delta-wing con-

figuration with the tall on regardless of an accompanying increase in
the level of instability with the tail off. This effect, of course,
indicates a considerable increase in the tail contribution for the
delta-wing configuration that apparently results from a shielding of
the vertical tail from the forebody vortiecity. This effect is also
apparent in the increased tail contribution to CzB and GYB for the

delta-~-wing configuration when compared with the trapezoidal-wing
configuration.

Effect of wing height.- Some effects of wing height on the side-
s8lip derivatives for a trapezoidal-wing configuration with and without
a single tail at M = 2.01 are shown in figure 31. These results
indicate a higher level of CnB at low angles of attack for the tail-

on configuration with the low wing than with the high wing because of
a substantially higher contribution from the vertical tail. With
increasing angle of attack, the tail contribution to CnB decreases

for both wing heights. However, because of a decrease in the tail-off
instability with increasing o with the high wing, the variation in
CnB with o with the tail on is less for the high wing than for the

low wing. As a result, the value of Cnﬁ becomes zero at approximately

the same angle of attack for both wings, and at higher angles of attack
the high-wing configuration indicates a higher degree of stability than
does the low-wing configuration.

These effects of wing height on CnB are similar to those observed
for conventional airplane configurations for Mach numbers up to about 2
(refs. 10 to 12). As pointed out in these references, these effects
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result from the induced sidewash from the wing-body Jjuncture that pro-
vides a destabilizing flow above the high wing and a stabilizing flow
below the high wing. An opposite effect occurs for the low-wing case.
The effects of wing height on C,  appear to be more pronounced for

the canard configuration (fig. 31? than the effects shown for the same
wings at the same Mach number for a conventional tail-rearward airplane
(ref. 12). This result might be expected since, for the canard con-
figuration, the vertical tail is closer to the origin of the induced
sidewash of the wing-body Jjuncture.

The effects of wing height on the effective dihedral CZ’3 for the

canard configuration (fig. 31) are also similar to the effects observed
for conventional configurations (ref. 12, for example) wherein the high-
wing arrangement provides the greater dihedral effect (more negative

CZB).

The effect of wing height on the sideslip derivatives at M = 2.01
for a T0° delta-wing configuration with either a single vertical tail or
twin vertical tails is shown in figure 32. For the single-tail arrange-
ment, the effects of wing height are, in general, similar to those
observed for the trapezoidal-wing configuration (fig. 31). However, for
the twin-tail arrangement, the effects of wing height on Cnﬁ are essen-

tially opposite to those for the single tail inasmuch as the high-wing
configuration provides a higher level of C,, throughout the angle-of-

attack range than does the low-wing configuration. For the high-wing
configuration, the twin-tail arrangement provides about four times as
much directional stability as does the single-tail arrangement at o = 0°.
This result suggests that there is a favorable interference effect on
the tail contribution. For the low-wing configuration, however, the
twin-tail arrangement provides about the same directional stability as
the single-tail arrangement at o = 0°. This result suggests that
there is an adverse interference effect on the contribution of the twin
tail. This reversal in the effects of wing height on the tail contri.
butions may result from the fact that the twin tails are located out-
board of the region of the induced sidewash of the wing-body Jjuncture;
therefore, in the case of the low wing, for example, the twin talls may
be in an adverse sidewash, whereas a single taill may be in a favorable
sidewash. The opposite effect, of course, would exist for the high-
wing case.

With increasing angle of attack, the flow interference from the
low wing for the twin-tail arrangement apparently moves off the tails,
and above o ~ 10° the tail contributions to CnB are about the same

for both wing positions. The level of CnB remains somewhat higher
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for the high-wing arrangement, however, as a result of its tail-off
characteristics.

The effects of wing height on the effective dihedral are essen-
tially the same for the twin-tail arrangement as for the single-tail
arrangements. The effect of the wing-body induced sidewash is appar-
ent, however, inasmuch as the vertical-tall contributions to CZB for

the twin-tall arrangement are less for the low wing than for the high
wing, whereas the reverse is true for the single-tail arrangement..

Effects of body length.- Some effects of body length on the side-
slip derivatives at M = 2.01 for a trapezoidal-midwing configuration
with and without a single vertical tall are shown in figure 33. TFor
these results, the center-of-gravity position was located in a fixed
position with respect to the body base, and thus the percentage of body
length forward of the center of gravity is increased as the body length
increases. A direct effect of the increase in forebody length is appar-
ent in the increase in directional instability with the tail off through-
out the angle-of-attack range. This effect is also reflected in the
directional stability levels with the tail on. In addition, as the
forebody length is increased, the loss in tail contribution with
increasing angle of attack becomes greater. This effect is associated
with an upward displacement of the forebody-~-induced vorticity as the
forebody length is increased.

It should be remembered that the longitudinal stability decreases
as the forebody length is increased; therefore, for a constant static
margin, the center-of-gravity location would move forward as the fore-
body length increases. This fact would result in an increase in the
level of directional stability for the longer body configurations.

Effect of canard-surface plan form.- The effects of canard-surface
plan form on sideslip derivatives at M = 2.01 are shown in figure 34
for 70O delta-midwing configurations having canard surfaces of either
a trapezoidal or a delta plan form. The change in canard plan form had
a relatively small effect on the sideslip derivatives, with the most
noticegble difference being higher values of CnB at high angles of

attack for the configuration with the T0° delta canard surface. This
difference may be partly caused by a "strake" effect resulting from the
long root chord of the delta canard and partly caused by a decrease in
canard wake effects resulting from the lower lift-curve slope for the
delta canard surface.

Mach number effects.- The variation of sideslip derivatives through
a large Mach number range are presented in figure %5 for a trapezoidal-
midwing configuration. This is the same configuration for which the
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longitudinal characteristics are presented in figure 3. The results
presented in figure 35 for o = 0° and a = 6° indiecate positive
directional stability and positive effective dihedral throughout the
Mach number range investigated.

CONCLUDING REMARKS

A survey was made of some of the factors to be considered in the
design of canard aircraft configurstions. These factors include Mach
number and angle-of-attack effects as well as the effects of various
geometric changes. The results indicate that generally acceptable
longitudinal and directional stability characteristics can be obtained
with canard configurations throughout a wide speed range from subsonic
to supersonic speeds.

The maximum values of trimmed lift-drag ratio L/D were increased
through the use of such design features as wing twist and nose-up fore-
body deflection that provided positive increments of pitching moment
with little change in drag. In addition, the values of maximum L/D
were increased through the use of wings having high aspect ratios.

The control effectiveness was increased as the canard volume was
increased elther by an increase 1n canard area or forebody length, and
through the use of canard surfaces having high aspect ratios.

The longitudinal-control characteristics indicated that higher
trimmed wvalues of lift-drag ratio were cobtained with a canard control
alone than with trailing-edge flap controls either alone or used in
conjunction with the canard control.

The lateral and directional stability results indicated a wide
variation in the effects of Mach number, angle of attack, and geometric
design. For the most part the lateral and directional characteristics
were similar to those for conventional aircraft and indicated that
increased directional stability could be obtained through the use of
such design features as ventral fins, short forebodies, and long wing-
root chords. In addition, canard configurations are readily adaptable
to twin vertical-tall arrangements, and results indicate that twin tails
can be located to take advantage of favorsble interference flow fields.

Langley Aeronauticél Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., March 31, 1958.
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TABLE I.- BODY COORDINATES FOR BODIES By, By, Bz, By, AND By
Body station Radius
Forebody (all bodies)

o] 0
.297 .076
.627 .156
.956 .233%

1.285 .307

1.615 .378

1.945 b5

2.275 .509

2.605 573

2.936 627

3.267 .682

3.598 .732

3.929 .780

4,260 824

4.592 .865

k.923 .903

5.255 .ouo

5.587 .968

5.920 .996

6.252 1.020

6.58% 1.042

Body, Bj
18.648 1.75
37.000 1.75
Body, Bo
18.648 ‘ 1.75
42,000 1.75
Body, Bz
17.75 1.667
31.50 1.667
Body, By
17.75 1.667
37.00 1.667
Body , ij
17.75 1.667
41.50 1.667
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TABLE II.- BODY COORDINATES FCR SWEPT-WING MODEL

Body station, Radius, in.
in. Major axis Minor axis
0 0 0
1 .297 .198
2 Rite] .3528
3 655 437
L -799 533
5 .928 .619
6 1.045 .696
T 1.151 .T6T
8 1.248 .832
9 1.337 .891
10 1.418 .45
11 1.492 .995
12 1.559 1.040
13 1.620 1.080
14 1.666 1.116
15 1.666 1.149
16 1.645 1.175
17 1.609 1.190
18 1.551 1.195
19 1.482 1.195
20 1.399 1.195
21 1.325 1.195
20 1.257 1.195
23 1.198 1.195
2l 1.211 1.195
25 1.260 1.195
26 1.3%32 1.195
27 1.446 1.195
28 1.51% 1.195
29 1.542 1.195
30 1.554 1.195
31 1.534 1.195
32 1.489 1.195
33 1.433 1.195
3L 1.3%69 1.182
35 1.503 1.155
36 1.231 1.117
37 1.155 1.072
38 1.067 1.025
39 975 975
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70° 4.25

14.12 -
~ 15.28 >
Vs
-5 T
" 60° ¢
Qa
Ve, V3, V4 Vi

a 7.00 , 10.05
b 2.20 3.16
c. 5.10 7.20

(b) Vertical tails Vy, Vo, Vs, Vi, and Vs.

Figure 1.- Continued.
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Hinge line

b )

G Ca Cs Ca
a 2.25 2.25 264 290
b 1.80 .80 211 2.32
c .50 2.15 2.38 2.54
d 203 2.00 2.35 2.99
e 213 2.34 2.88 3.13
f 3.73 4.34 495 5.38

Hinge Iine'___>/

=

7.10

(c) Cenard surfaces Cy, Cop, C3, Cy, and Cs.

Figure 1.- Continued.
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4.0 ' '
0\/ ! - 12.00 >

16.62

. F - -—— - - )
/ I z 45io a 1.75
N 2
. <-30°
4.00 .
.<—3.9Q

Up

} | = 700 —

e > *

WL 5.64 »l 60° \ ¥
. 553 —

12.00 >

Us
(d) Ventral fins Uy, Up, and Us.

Figure 1.- Continued.
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Canard. dimensions

Small Medium Large
(Ce) (C7) (Ce)
Span 464 6.58 799 —>‘ 3_00‘-—
Root chord (¢) 3.33 464 569 ‘ —r
Tip chord 1.37 .90 2.31 '
61.7°
600
1072 | y 1200
397 670°
N\ 600
AfN-A [T B0
658 T Lo
| 232° 4\ ¢
b 1073

|o

P o 3818 roe

Section A-A Section B-B Section C-C

1
65.O°-'<\B/ - i

c.g.

(g Y W T I o

2197

3900

(e) Details of swept-wing model.

Figure 1.- Continued.
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Figure 1.- Concluded.

(£) Photograph of ByWsVoCp model with high wing.
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%WI%%i/f\
r < V R 1
o}
.20
?Cm
aC
-40
08 -60
Ca 04
0 12
K
L
¢ —D— , max,
untrimmed
04 0
Cp,min 02
o 20 24 28
0 4 8 2 16 4

M

Figure 2.- Effect of wing plan form and fuselage afterbody on variation
of longitudinal parameter, with Mach number. Center-of-gravity posi-
tion of body station 25.
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CL_, . Off

e i =

8 —n Untrimmed (3:=0)

(5) o Mmmw
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CMmm \\J/
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0 4 8 12 16 20 24 28 32 36 40 44 48
M

Figure 3.~ Variation of longitudinal characteristics with Mach number
for trapezoid-midwing configuration. B1W1V502U1. Center-of -
gravity position at body station 25.
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Canard

Small
Medium
Large

CL

(2) Cp and o against Cj,.
Figure L4.- Effect of canard size on aerodynamic characteristics in

pitch, for twisted wing, vertical-tail on, swept-wing model.
M= 1.41. Center-of-gravity position at body station 21.97.

CONFIDENTIAL

31



32 CONFIDENTTIAL NACA RM L58D16

Canard

Small
Medium
Large
Off

il
1

L
(b) 1L/D and Cp against Cg.
D L

Figure 4.- Concluded.
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L

(a) C, and « against Cy.
m L

Figure 5.- Effect of canard size on aerodynamic characteristics in
pitch for 60° delta~midwing configuration. M = 2.01l. Center-
of-gravity position at body station 25.
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(b) Cp and L/D against Cf.
D L

Figure 5.- Concluded.
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20
10 8, deg
6 )
4
L
D
2 16
0 2
08 ¢p
12 B : i 04
8 ife)
a, deg
Canard
151 — i —— C!
4 [ gz
o
%) 0 | 2 3 4 5 6

CL
Figure 6.- Effect of canard size on trim longitudinal characteristics

for 60° delta~-wing 31W2V5U1 configuration. M = 2.01. Center-of-
gravity position at body station 25.
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20
10 8, deg
6 €]
4
L
D
2 16
0 12
16 o ¢p
12 04
a, deg 8 inin o .
Canard
4 —_———
;
Hesig:
Q.I 0 | 2 3 4 5 6

CL

Figure T.- Effect of canard size on trim longitudinal characteristics
for 60° delta-wing BjWoVsUy configuration. M = 2.01;

acm/ oCq, = -0.156.
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O  Experimental

—~— Estimated

o2

008

Cm

004 S

~20

0z 04 06 08 10 12 14 .16

Figure 8.- Variation of canard-control pitch effectiveness and static
longitudinal stability with canard volume coefficient for

BiWoVsUy configuration. M = 2.01. Center-of-gravity position at
body station 25.
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Cy
Wing
[e] Plain
o Twisted
04
]
Cm

-04
-08 10
8
6

L
D
2 H 4
A2 2
.08 0
CD
04
I ,ﬁi iied HERsEd:
o i i Ea R R
-l 0 | 2 3 4 5 6
CL :

Figure 9.- Effect of wing twist on longitudinal aerodynamic character-
istics for swept-wing configuration. M = 1.41. Center-of-gravity
position at body station 21.97.
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Wing
Plain
————  Twisted

S..-deg 4

st
T

UIF"

S

| .0 A 2 3 4 5 -

Ci, trim

Figure 10.- Effect of wing twist on trim longitudinal characteristics
for swept-wing configuration. = 1.41; BCm/BCL = -0.24,
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20
10 8., deg
0
[S] 10
4 16
L
D
2 A2
0 .08 CD
12 04
8 0
a, deg
4
o—.l _ o] A 2 3 4 5 6

CL» trim

Figure 11.- Effect of forebody deflection on trim longitudinal charac-
teristics for trapezoidal high-wing B)+W5V2C2 configuration.

M= 2.01; acm/acL = -0.2k.

CONFIDENTIAL



NACA RM L58D16 CONFIDENTIAL L1

1l
E
i
L~
A
i
;
20
10 8‘;. deg
6 0
e ;
4
L
D ]
2
6} .08
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Figure 12.- Effect of wing vertical location on trim longitudinal char-
acteristics for B W,V,C, configuration. M = 2.01; 3Cp/dCy, = -0.2kk.
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Figure 13.- Effect of body length on trim longitudinal characteristics
for midwing WzVoCp configuration. M = 2.01; BCm/GCL = -0.172.
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Wing
——— Trapezaid Wy
——-— Delta, Wq
20
e
710 3., deg
6 0
4 16
5
2 12
0 08 ¢,
04
12 0
8
a, deg
4
o]
=l - o] A 2 3 4 5 6
CL, trim

Figure 1k4.- Effect of wing plan form on trim longitudinal character-
istics for B)VoCo high-wing configuration. M = 2.01;

acm/acL = -0.10.
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. /
Canard .
Delta, Cs N
——— Trapezoid , C2 -
é = x 20
10 8¢, deg
6 = 0
4 .16
L
D
2 02
0 .08 Cp
.04
12 o]
8
a, deg
4 8
0 R i
=1 0 R 2 3 4 5 6

Cp, trim

Figure 15.- Effect of canard-surface plan form on trim longitbudinal
characteristics for B,W) Vo midwing configuration. M = 2.01;

330y, = -0.10.
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30
20
§ Bc or
—Sf , deg
10.
6 0
4
L it
D
Canard control, 3¢ =0°
> —-— Flap control, 8¢ =0°
---—- Flap control, canard off
o 08
04 Cp
8 0
a, deg 4
0]
= 0 1 2 3 4 5 6

CL , frim

Figure 16.- Comparison of longitudinal trim characteristics with canard
control and trailing-edge flap control for BWoV)yCo configuration.

M= 2.01; acm/acL = -0.22.
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0 SC or
~8¢, deg
——— Canard
——— Tailless
L
D
%))
il
]
I
f
a, deg

Figure 17.- Comparison of longitudinal trim characteristics with canard
control and trailing-edge flap control for BlWZVh configuration

with Co, on and off. M= 2.01; acm/acL = ~0.10.
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Figure 18.- Effect of canard deflection on trim longitudinal character-
istics for configuration with trailing-edge flap controls for

BiWoV)yCo configuration.

M

= 2.01; acm/acL = -0.22.
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Figure 19.- Effect of canard deflection on longitudinal trim character-
istics with verious trailing-edge flap deflections for

BiWoVyCo configuration. M = 2.01; acm/acL = -0.22.
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Figure 20.- Effect of forebody deflection on longitudinal aerodynamic
characteristics for trapezoidal high-wing BhW3V2 configuration.

M = 2.01. Center-of-gravity position at body station 28.13.
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Figure 21.- Effect of canard deflection on longitudinal aerodynamic

characteristics for trapezoidal high-wing BhW5V202 configuration.
M = 2.01. Center-of-gravity position at body station 26.17.
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Figure 22.~ Effect of vertical-tail arrangement on sideslip derivatives
for 60° delta midwing B1W2C2 configuration. M = 2.01; ¢ = 0°.
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Figure 235.- Effect of canard surface on sideslip derivatives for model
with single and twin vertical tails. ByWoCp configuration.

M= 2.01; dc = df = 0°.
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Figure 23.- Concluded.
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Figure 24.- Variation of sideslip derivatives with angle of attack for
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Figure 24.- Continued.
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Figure 24.- Concluded.
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Figure 25.- Effect of canard size on sideslip derivatives for 60° delta-
wing BiWoVsU) configuration. M = 2.01; 8. = 0°.
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Figure 26.- Effect of wing-mounted fins on sideslip derivative, for 60°
delta-midwing BjWoVoColUsz configuration with single vertical tail.

M= 2.01; 8. = 0°.
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Figure 27.- Effect of body-mounted ventral fins on sideslip derivatives

for 60° delta-midwing BiWoV),CoUs configuration with twin vertical
tails. M = 2.01; &c = 0°.
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Figure 28.- Effect of forebody deflection on sideslip derivatives for

trapezoidal high-wing BMWBVQCQ configuration with single vertical
tail. M = 2.01; &, = 0°. :
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Figure 29.- Effect of forebody strakes on sideslip derivatives for 60°
delta-midwing BiWoVoCp configuration with single vertical tail.

= 2.01; d; = 0O°.
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Figure 30.- Effect of wing plan form on sideslip derivatives for high-
wing B4V202 configuration with and without single vertical tail.

M= 2.01; 8¢ = 0°.
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Figure 31.- Effect of wing height on sideslip derivatives for

trapezoidal-wing BhW5V202 configuration with and without
single vertical tail. M = 2.01; ®. = 0°. -
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Figure 33%.- Effect of body length on gjdeslip derivatives for
trapezoidal-midwing WzVpCp configuration with and without

single vertical tail. M = 2.01; 8¢ = 0°.
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Figure 3L4.- Effect of canard-surface plan form on sideslip derivatives
for T0° delta-midwing BywW), Vo configuration with single vertical

tail. M = 2.01; & = 0°.
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